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Abstract
Our paper presents an effective micropropagation protocol for Paulownia sp. (P. elongata, P. fortunei and a P. elongata x P. fortunei hybrid). For in vitro culture initiation, axillary buds as well as seeds were 
used. For the multiplication stage, modified Murashige & Skoog (MS) was tested, supplemented with 
0.5 mg/l BAP (6-benzilaminopurine) and mT (meta-topoline) at the concentrations of 0.5, 0.7 and 1 
mg/l. The media supplemented with BAP ensured intense proliferation of axillary buds but they also 
caused negative physiological effects (abundant callus growth at the plantlets’ base). In the P. elongata x 
P. fortunei hybrid as well as in P. elongata 1 mg/l mT ensured the highest proliferation and multiplication 
rates, but the plantlets that resulted from the media supplemented with 0.5 and 0.7 mg/l mT were more 
vigorous and well developed. In P. fortunei 1 mg/l mT ensured average proliferation rates of 9.28 and 
average multiplication rates of 12.92. Wheat starch proved to be a cheap and very effective alternative 
gelling agent. Ex vitro rooting and acclimatization was very successful by using Jiffy7 pellets and floating 
perlite, the latter being a technique elaborated at the Fruit Research Station Cluj, with acclimatization 
percentages of more than 80 % in the 3-5 cm long shoots and more than 60 % in the 2-2.5 cm long 
shoots. The protocol developed allowed eliminating the in vitro rooting stage in the commonly used 
processes in the industry. 
Keywords: acclimatization, meta-topolin, micropropagation, microcuttings, tissue culture.
Abbreviations: BAP- 6-benzilaminopurine; MS - 
Murashige and Skoog Media (Murashige and Skoog, 
1962); MSa – modified MS medium, gelled with Plant 
Agar; MSs - modified MS medium, gelled with wheat 
starch; Msaq - modified MS medium, gelled with Plant 
Agar and with Sequestrene 138 as iron source; MSsq - 
modified MS medium, gelled with wheat starch and with 
Sequestrene 138 as iron source; mT - meta-topoline 
INTRODUCTION
Paulownia species are among the fastest 
growing trees in the world. In the first year they 
grow three meters in height or even more (http://
www.worldpaulownia.com/). The trees grow to 
marketable size in 5-8 years, much faster than other 
tree species. The plantation does not need re-planting 
after harvestas new trees grow from the stumps. 
Paulownia wood is of very good quality. It is very 
light, with densities around 0.300 g/cm3 (Akyildiz 
and Kol, 2010; Kiaei, 2012). Paulownia wood is 
used for making musical instruments, boxes, chests, 
lightweight skis, furniture, delivery containers, 
moldings, doors and windows. It is suitable for beehive construction,  veneer,  particleboard,  picture 
frames, toys, fishing net floats, and for shoes. It 
was successfully tested for making high-strength 
composite boards used in construction (Rafighi and 
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heights were greater in the treatments with 
clonally propagated plant material (either by 
cuttings or by in vitro cultures). This is a strong 
argument in favour of propagating Paulownia 
vegetatively.
The aim of our research was to test the in vitro 
reaction of the three Paulownia species: P. elongata, 
P. fortunei and the hybrid P. elongata x P. fortunei 
and to reduce the costs of micropropagation by 
eliminating agar as a gelling agent by substituting 
it with wheat starch. Another objective was the 
elimination of the in vitro rooting stage by the 
technique of direct ex vitro rooting of the shoots 
regenerated in the multiplication stage and test 
the efficiency of direct ex vitro rooting in floating 
perlite, a new technique which proved to be 
very efficient in other species, among others the 
‘Loch Ness’ thornless blackberry cultivar (Fira 
et al., 2012) and for several other important 
horticultural species (Clapa et al., 2013. 
MATERIALS AND METHODS
In vitro culture initiation and stabilization. 
In vitro culture initiation was done in this way:
- by generative means by the aseptic germination 
of P. elongata (from certified seeds imported 
from the People’s Republic of China) and the 
hybrid P. elongata x P. fortunei  mature seeds.
- by vegetative means, from explants consisting 
of axillary buds in the hybrid P. elongata x P. 
fortunei .- the P. fortunei in vitro cultures were acquired 
from the Research Institute of Nyíregyháza in 
Hungary, where they had been initiated from 
axillary buds. 
The explants used for the initiation of in vitro 
cultures by vegetative means consisted of semi-
hardwood shoots that were cut and the internodes 
were eliminated, they were washed under running 
water for 15 minutes and then rinsed with sterile 
deionized water. Disinfection was carried out by 
shaking the explants in a mixture containing 20 
% ACE bleach (produced by Procter & Gamble, 
<5% active ingredient) and 80 % sterile deionized 
water, for 20 minutes. Then they were rinsed with 
sterile deionized water in the laminar air flow 
hood (5 rinses). After disinfection, the axillary 
buds were excised and inoculated, one by one, into each test tube. 
Lobna et al. (2008) tested the effect of BAP and 
various light intensities upon P. kawakamii in vitro 
proliferation. The medium with 1 mg/l BAP was 
the best for in vitro proliferation and the optimal 
light intensity was 1900 Lux. 
Bergmann (1998, 2003) tested the field 
reaction of three Paulownia genotypes: P. fortunei 
(Seem.) Hemsl., P. elongata Thunb. and P. ‘Henan 
1’ (named for the province in China in which it 
was selected and believed to be predominantly 
P. elongata with introgression from P. fortunei). 
The experimental treatments consisted of plants 
derived from seeds, plants derived from cuttings 
and from in vitro cultures. In all three genotypes, 
the survival percentages were higher and plant 
Tabarsa,  2011,  Khanjanzadeh  et  al.,  2012).  Paulownia 
wood  is  good  for  making  paper  pulp  (Latibari  et  al., 
2012). The paper produced from Paulownia trees is of 
high quality,  comparable to Eucalyptus (Feria et al., 
2013).  Due to  these  qualities,  Paulownia  species  are 
among the most important forestry crops in the world. 
Paulownia cultures were initiated either 
from nodal explants (Rout et al., 2001) or from
 seeds (Ozaslan et al., 2005). For the multiplication
 stage, axillary shoot proliferation was carried out
 on MS media containing plant growth regulators.
 BAP and kinetin as well as auxins were used. The
 combination of BAP (4.44 μM) and NAA (0.53 μM) was optimal (Rout et al., 2001). 
In P. tomentosa, among several sugars tested 
in vitro, sucrose proved to be optimal (Litwinczuk and Bochnia, 2012). In P. tomentosa, high intensity 
magnetic fields had stimulating effect upon 
plantlet growth (Yaycili and Alikamanoglu, 2005)
Paulownia also proved to be suitable for 
adventitious organogenesis as well as somatic 
embryogenesis. Indirect shoot organogenesis 
followed by in vitro rooting was achieved 
(Castellanos-Hernández et al. 2006, Ozaslan et al.,
 2005). Adventitious shoot organogenesis from leaf
 explants was achieved on media supplemented
 with TDZ and IAA (Correidoira et al., 2008).
 Indirect embryogenesis from embryogenic calli
 in  P.  elongata  was  carried  out  and  viable 
plants  were  obtained  from  somatic  embryos 
(Ipekci and Gozukirmizi, 2004). 
Rooting was carried out in vitro, on hormone-
free media as well as IAA and NAA (Bergman and Whetten, 1998; Correidoira et al., 2008; Ozaslan et
 al., 2005).
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inserted into the culture media in such a way that 
2/3-3/4 from their basal part was immersed in 
the media. Proliferation rates were considered to 
be the average number of shoots regenerated per 
plantlet and multiplication rates were the average 
number of microcuttings of minimum 2 cm with three nodes obtained per plantlet.
The culture media: Several variants of modified 
MS were tested, supplemented with various 
concentrations of mT and the gelling agents 
were Plant Agar and wheat starch (Table 1). All 
the components were added to the media before 
autoclavation. The pH of the media was adjusted 
before adding the gelling agents. For media 
preparation, stock solutions of macroelements, 
microelements, vitamins and plant growth 
regulators were used. Commercially available 
Cristal sugar was used as carbon source. Media 
sterilization was done by autoclavation at 121oC, 
for 20 minutes for the agar-gelled media and 30 
minutes for the media gelled with starch. 
In order to optimize the multiplication stage the 
following experimental treatments were tested:
1. The influence of Sequestrene 138 in the  P. 
elongata and the hybrid P. elongata x P. fortunei in 
vitro cultures
In this case, in the agar-gelled media the iron 
source FeNaEDTA was substituted with 100 mg/l 
Sequestrene 138 – FeNaEDDHA (MSaq), as well 
as in the media gelled with starch (Mssq). The 
In case of in vitro culture initiation by genera-
tive means, the seeds were disinfected in the 
same way as the shoot explants and they were 
inoculated onto MSa media in 720 ml jars with 
screw caps provided with antibacterial filters. An 
average number of 20 seeds/jar were used. 
The culture medium used for the initiation of 
in vitro cultures was modified Murashige & Skoog 
1962 (MS) gelled with 3 g/l Plant Agar (MSa) 
supplemented with 0.5 mg/l 6-Benzylaminopurine 
(Tab. 1). 
The stabilization of in vitro cultures. The plan tlets 
derived from the initiation stage were multiplied 
on MSa media – modified MS, gelled with agar and 
MSs – modified MS gelled with starch, supplemented 
with 0.3-0.5 mg/l BAP, in order to increase the stock 
of plant material and for comparing the effectiveness 
of the two gelling agents, agar and starch. 
The multiplication stage.
Culture vessels: For the multiplication stage 
720 ml glass jars with screw caps were used. The 
caps were provided with antibacterial filters made 
from heat-resistant plastic sponge drawn through 
an 4 mm orifice in the cap. The sides of the sponge 
were of 18 mm x 18 mm. One hundred ml of 
media/culture vessel were used. 
The plant material. Shoot fragments at least 2 
cm in length containing three nodes were used as 
explants in the multiplication stage. Five explants 
per culture vessel were used. The explants were 
CLAPA et al
Tab. 1 The composition of the basal media used for Paulownia micropropagation: 
MSa MSaq MSs MSsq
Component Concentration Concentration Concentration Concentration
MS Macro + microelements Full strength Full strength Full strength Full strength
Myo-inositol 100 mg/l 100 mg/l 100 mg/l 100 mg/l
FeNaEDTA 36.7 mg/l - 36.7 mg/l -
FeNaEDDHA - 100 mg/l - 100 mg/l
Vitamin B1 1 mg/l 1 mg/l 1 mg/l 1 mg/l
Vitamin B6 0.5 mg/l 0.5 mg/l 0.5 mg/l 0.5 mg/lNicotinic acid 0.5 mg/l 0.5 mg/l 0.5 mg/l 0.5 mg/l
Sugar 30 g/l 30 g/l 30 g/l 30 g/l
Plant Agar 3 g/l 3 g/l - -Wheat starch - - 50 g/l 50 g/l
pH adjusted to  5.8
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equal distances between the shoots, according to 
the method of ex vitro acclimatization of individual 
shoots described previously (Fira et al., 2012). 
The cultures were provided, for two weeks, with 
partial protection by being partially covered with 
Multi Purpose Tubs without maintaining high air 
humidity.
Both types of cultures were incubated in the 
growth room in the conditions previously described.
Statistical data analysis. 
For statistical analysis monofactorial ANOVA 
was used (p≤0.05). The software was Gnumeric 
(produced by the Gnome Foundation). In order 
to establish the significance of the differences 
regarding plantlet height, proliferation rates and 
multiplication rates the plantlet was considered as experimental unit.  In order to establish the 
significance of the differences regarding the 
number of shoots resulted/vessel and the number 
of microcuttings resulted/vessel, the culture vessel 
was considered as experimental unit. The treatment 
with 0.5 mg/l mT was chosen as reference, to which 
the other treatments were compared.
RESULTS AND DISCUSSION
In vitro culture initiation.
The initiation of in vitro cultures from axillary 
buds was succesful. In the P. elongata x P. fortunei 
hybrid, from the 45 inocula cultured in test tubes 
two died and 43 generated well-developed plantlets. 
Survival percentage was 95.55 % (Fig. 1 A).
For aseptic seed germination in vitro, seeds 
were used whose germination capacity was not 
known. In this case, the initiation percentage was 
50 %. 
The plantlets derived from the initiation stage 
were cultured on MSa – modified MS media gelled 
experimental treatments were: V1- MSsq+0.5 
mg/l mT; V2 - MSaq+0.5 mg/l mT. Five culture 
vessels/experimental treatment were used.2. The influence of meta-topolin concentration 
upon the in vitro proliferation rate in Paulownia sp. 
Four culture vessels per experimental treatment 
were used. Five concentrations of meta-topolin 
were tested:
V1 - MSs+0.2 mg/l mT      V4 - MSs+0.7 mg/l 
mT
V2 - MSs+0.3 mg/l mT      V5 - MSs+1 mg/l mT
V3 - MSs+0.5 mg/l mT
Culture incubation. The cultures were incuba-
ted for one month in the growth room at the 
temperature of 23 + 3 °C and 2400 Lux (36 μmol m-2 s-1) light intensity.
Direct ex vitro rooting and acclimatization. 
Ex vitro rooting and ex vitro acclimatization 
were done at the same time, in the same stage, by 
two methods:1. Direct ex vitro rooting and acclimatization 
in Jiffy7 pellets. The shoots regenerated in in 
vitro cultures in the multiplication stage were 
transferred into Jiffy7 pellets, which werre 
cultured in Multi Purpose Tub polypropylene 
vessels covered with the same type of vessels in 
order to maintain high air humidity. In the first 
three days the caps were not removed and then 
the cultures were ventilated daily by removing 
the caps, initially for only a few minutes and then, 
gradually reaching 4-5 hours a day. The caps were 
removed definitely after two weeks of culture. 2. Direct ex vitro rooting and acclimatization in 
floating perlite. In this case the individual shoots, 
without roots, regenerated in the multiplication 
stage were planted into floating perlite beds at 
stabilization on MSs + 0.5 mg/l BAP
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Fig. 1 In vitro culture initiation and stabilization in the hybrid  P. elongata x P. fortunei:A- the initiation stage, 
in test tubes, on  MSa + 0.5 mg/l BAP; B-in vitro culture stabilization on MSs+0.3 mg/l BAP; C- in vitro culture 
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media supplemented with FeNaEDDHA did not 
ensure more intense growth and proliferation 
than the ones with FeNaEDTA but the plantlets 
were brighter green, with a healthier appearance.
The differences between V1 and V2 and, 
res pectively, V1’ and V2’, regarding all the cha-
rac teristics we studied, were not significant 
statistically. It was observed that, generally, on 
the culture media gelled with starch proliferation 
was more intense and the plantlets were more 
vigorous, which lead to the use of starch as gelling 
agent in subsequent experiments (Tab. 3).
Meta-topolin ensured relatively high and 
uniform proliferation and multiplication rates  as 
compared to the media supplemented with 0.5 
mg/l BAP. Callus was present at the plantlets’ base, 
but at far lower amounts than in the plantlets 
cultured on media with BAP. The plantlets were 
well developed, without deformations.2. The influence of meta-topolin concentration 
upon the in vitro proliferation rate in Paulownia sp.In P. elongata (Fig. 2) cultured on media with 
the four mT concentrations the proliferation 
rates increased proportionally with the increase 
of mT concentration. The average number of 
shoots/ culture vessel increased from 13.25 in 
the treatment with 0.2 mg/l MT to 33.25 in the 
treatment with 1 mg/l mT (Tab. 4).
with agar and MSs – modified MS media gelled 
with starch supplemented with 0.3-0.5 mg/l BAP 
in order to multiply the plantlets for increasing our 
stock of plant material and in order to compare the 
effectiveness of the two gelling agents, agar and 
starch (Fig. 1B, 1C). The optimal gelling agent for 
Paulownia in vitro culture was 50 g/l wheat starch.
On the MSs media supplemented with 0.5 mg/l 
BAP intense and irregular axillary shoot proliferation 
took place (Tab. 2), some of the microcuttings 
generated compact masses of axillary shoots. Some 
of the explants generated large amounts of friable callus at the base.
In the stabilization stage, in P. elongata, on 
the MSs media supplemented with 0.5 mg/l BAP 
the number of shoots regenerated/vessel was 
inconsistent, varying between 39 and 295 shoots/vessel.
The multiplication stage.
1. The influence of Sequestrene 138 in the P. 
elongata and the hybrid P. elongata x P. fortunei in 
vitro culturesIn the in vitro culture stabilization stage 
some plantlets were yellowish-green in colour, 
so the iron source FeNaEDTA was substituted 
with 100 mg/l Sequestrene 138 (FeNaEDDHA) in 
the treatment gelled with agar (MSaq) as well as 
in the treatment gelled with starch (MSsq). The 
Vessel
Average 
plantlet height 
(cm)
No. of shoots/vesel No. of microcuttings /vessel Average proliferation rate Average multiplication rate
Average values 7.17 102.8 118.8 20.56 23.76Standard deviation 1.74 108.24 108.02 21.65 21.6Standard error 0.78 48.53 48.43 9.7 9.68
Species Treatment Values No. of shoots/vessel No. of microcuttings /vessel Average proliferation rate Average multiplication rate
P. elongata x
 P. fortunei V1. MSsq Average 13.2 21.8 2.64 4.36
V2. MSaq Average 16.8 28.6 3.36 5.72
P. elongata V1’.MSsq Average 13.4 22.4 2.68 4.48
V2’.MSaq Average 12.4 17.4 2.48 3.48
CLAPA et al
Tab. 3 The results regarding in vitro proliferation of hybrid Paulownia and P. elongata on the media supplemented with Sequestrene 138 and gelled with agar or starch
Tab. 2 Paulownia elongata proliferation on  MSs media with 0.5mg/l BAP
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rates, the differences between V1 and V3 were 
significant (p<0.001), as well as the differences 
between V2 and V3 (p<0.05). 
Having in view the results regarding these 
two species, P. fortunei was cultured directly on 
MSs media supplemented with 1 mg/l mT and the 
proliferation rates were higher than in  P. elongata and the P. elongata x P. fortunei hybrid (Tab. 6).
Direct ex vitro rooting and acclimatization 
1. Direct ex vitro rooting and acclimatization in 
Jiffy7 pellets.
Regarding proliferation rates in P. elongata, the 
differences between V1 and V3 were statistically 
significant (p<0.02). Regarding multiplication 
rates, the differences between V1 and V3 were 
significant (p<0.001). 
The P. elongata x P. fortunei hybrid had a 
reaction similar to that of P. elongata to the four 
concentrations of mT. The highest proliferation 
rate was 5.85 in the media supplemented with 1 
mg/l mT (Tab. 5). Regarding proliferation rates, 
the differences between V1 and V3 were significant 
statistically (p<0.001). Regarding multiplication 
D- The inoculation of Paulownia microcuttings in the laminar air flow hood
Tab. 4 The influence of mT concentration upon Paulownia elongata in vitro proliferation (average values)
Treatment
No. of shoots/vessel SE (+) No. of microcutings/vessel SE (+) Prolifera-tion rate SE (+) Multiplica-tion rate SE (+)
V1. 0.2 mg/l mT 13.25 2.05 18.5 3.47 2.65 0.45 3.7 0.57
V2. 0.3 mg/l mT 19.75 5.02 30.5 7.33 3.95 0.61 6.1 0.94
V3. 0.5 mg/l mT 24.5 5.07 41 9.80 4.90 0.69 8.2 1.06
V4. 0.7 mg/l mT 31.75 7.82 44 11.95 6.35 1.00 8.8 1.31
V5. 1 mg/l mT 33.25 4.38 47 6.54 6.65 0.95 9.4 1.26
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Fig. 2 The influence of meta-topolin upon the in vitro proliferation of axillary shoots in Paulownia elongata: A- 
MSs+0.2 mg/l mT; B - MSs+0.3 mg/l mT; C - MSs+0.5 mg/l mT; 
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The P. elongata shoots less than 3 cm in length had 
lower rooting and acclimatization percentages 
(Tab. 7). 
The shoots transferred into Jiffy7 pellets ge-
ne rated roots visible on the surface of the Jiffy7 
pellets after two weeks of culture. The rooting 
percentages were 80 % in P. fortunei and 82.86 
– 92.5 % in P. elongata in the 3-5 cm long shoots. 
Treatment
No. of shoots/vessel SE (+) No. of microcuttings/vessel SE (+) Prolifera-tion rate SE (+) Multipli-cation rate SE (+)
V1. 0.2 mg/l mT 6.50 0.50 11 1.47 1.30 0.12 2.2 0.21
V2. 0.3 mg/l mT 13.25 3.47 20.5 3.88 2.65 0.39 4.1 0.45
V3. 0.5 mg/l mT 20 6.16 34.5 11.15 4 0.73 6.9 1.27
V4. 0.7 mg/l mT 20 4.02 31.3 6.65 4 0.52 6.3 0.77
V5. 1 mg/l mT 29.25 6.15 44 8.23 5.85 0.76 8.8 1.03
Tab. 6 The results regarding P. fortunei proliferation on MSs + 1 mg/l mT
Vessel
Average 
plantlet height 
(cm)
No. of shoots/vessel No. of microcuttings/vessel Average proliferation rate Average multiplication rate
Average values 6.25 46.40 64.60 9.28 12.92Standard deviation 1.61 21.18 24.62 4.23 4.92Standard error 0.72 9.49 11.04 1.89 2.20
Tab. 7 Paulownia fortunei and Paulownia elongata direct ex vitro rooting and acclimatization in Jiffy7 pellets
Species Culture media for donor plantlets Shoot sizes No. of shoots transferred ex vitro No. of rooted shoots Rooting (%)
P. fortunei MSs + 1 mg/l mT 3-5 cm 60 48 80.00
P. elongata MSs + 0.5 mg/l BAP 1.5-2.5 cm 60 41 68.33
P. elongata MSs + 0.5 mg/l BAP 3-5 cm 40 37 92.50
P. elongata MSs + 0.5 mg/l BAP 3-5 cm 35 29 82.86
Tab. 8 Paulownia sp. direct ex vitro rooting and acclimatization in floating perlite
Species Total no. of shoots Rooted plants Non-rooted live shoots Dead shoots Rooting (%)
P. elongata x P. fortunei 86 85 0 1 98.83
P. elongata 145 137 8 0 94.48
P. fortunei 89 66 5 18 74.16
CLAPA et al
Tab. 5 The influence of mT concentration upon P. elongata x P. fortunei hybrid in vitro proliferation (average values)
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10-11 subcultures can be done every year. In such a 
way, minimum 30 shoots/vessel can be produced. 
Additionally, we recommend the selection of 
vessels with high proliferation rates for the 
subcultures because we observed that the highly 
proliferated shoots that had short internodes and 
many nodes/shoot could generate microcuttings 
containing a higher number of nodes, which would 
ensure higher proliferation rates. We recommend direct ex vitro rooting and 
acclimatization in floating perlite. This method 
proved to be cheap, easy, efficient, it does not need 
special facilities and actions for maintaining high 
air humidity, usually does not require irrigation 
during the acclimatization stage and it provides 
more than 90 % rooting and acclimatization 
percentages in a period of four weeks.
CONCLUSIONS
Based on our results, the following conclusions 
can be drawn:
For in vitro culture initiation it is recommended 
to use explants consisting of axillary buds. The 
plant material consists of single-node fragments 
from semi-hardwood branches. After disinfection, 
the axillary buds should be excised and one 
bud/test tube should be inoculated. Modified 
Murashige & Skoog 1962 (MS) supplemented with 
0.5 mg/l 6-Benzylaminopurine (BAP), gelled with 
Plant Agar proved to be an adequate medium for culture initiation.
For the multiplication stage it is recommended 
to use 720 ml glass jars with antibacterial filters. 
2. Direct ex vitro rooting and acclimatization in 
floating perlite. 
Ex vitro rooting in floating perlite beds pro-
ved to be efficient in all the species. Rooting 
percentages were above 90 % in P. elongata and the P. elongata x P. fortunei hybrid (Tab. 8). 
The first roots appeared after 10-12 days in 
culture. During ex vitro rooting and acclimatization 
the plants grew visibly in height and the roots 
were well developed (Fig.3).
It is a remarkable fact that all of the authors cited carried out in vitro rooting (Bergman 
and Whetten, 1998; Castellanos-Hernández et 
al., 2006; Correidoira et al., 2008; Lobna et al., 
2008; Ozaslan et al., 2005; Rout et al., 2001) and subsequent ex vitro acclimatization, whereas direct ex vitro rooting was not tested. Our protocol 
provides an efficient way of obtaining viable, 
acclimatized plants by the direct ex vitro rooting of 
axillary shoots regenerated in the multiplication 
stage. Ex vitro rooting was achieved by classical 
means (Jiffy7 pellets and high air humidity) and, 
also, by the novel method of direct ex vitro rooting 
in floating perlite. 
Our proliferation rates (number of shoots/
explant) surpassed those obtained by Bergmann 
and Whetten (1998) in the first month in the 
multiplication stage, as well as the ones obtained 
by Rout et al (2001) in P. tomentosa. 
By using our protocol, after one month 
of incubation the Paulownia plantlets can be 
transferred ex vitro for rooting and acclimatization 
or a new subculture can be started and in this way 
perlite; D) Potted plants
Improved In Vitro Propagation of Paulownia elongata, P. fortunei 13
Fig. 3 Acclimatized plants: A) P. 
elongata in Jiffy7 pellets; B) Hybrid 
rooted in floating perlite; C) P. 
fortunei shoots rooted in floating 
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Plant Cell Tissue Organ Cult. 95:197–208. doi:10.1007/
s11240-008-9433-6.
We recommend modified MS supplemented with 
1 mg/l meta-topoline, gelled with 50 g/l wheat starch. 
The optimal plant material for the multiplica-
tion stage are microcuttings consisting of shoot 
fragments at least 2 cm in length with three 
nodes, 5 microcutting/culture vessel. A portion of 
2/3-3/4 from the basal part of the microcuttings 
should be immersed into the media. One month 
incubation period in the growth room at the 
temperature of 23 + 3 °C and 2400 Lux (36 μmol m-2 s-1) light intensity was suitable. 
The novel technique of direct ex vitro rooting 
and acclimatization in floating perlite proved to be 
an efficient, simple, easy technique for obtaining 
young Paulownia plants.
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